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OF GAS TURBINE ENGINE COMPONENTS: THE PROS AND CONS 
INTRODUCTION 
David A. Stubbs 
Systems Research Laboratories 
2800 Indian Ripple Road 
Dayton, Ohio 45440 
The Air Force's Retirement For Cause (RFC) ultrasonic system uses a low 
pressure water squirter system to couple the ultrasound to the engine part 
undergoing inspection. From an overall system point-of-view, there are many 
advantages in the use of the squirter as compared to the use of a standard 
immersion tank. Foremost of the advantages are the ease of use and ease of 
maintenance. However, from an NDE point of view (the reliable detection of 
small flaws) the squirter technique has several disadvantages. The squirter 
complicates the inspection process by adding factors such as a dynamic water 
column serving as the couplant, additional size, and many reflecting 
surfaces to the already difficult task of detecting flaws in the complex 
shapes of gas turbine engine components. The details of these problems and 
their solutions are discussed in this paper. 
ADVANTAGES 
One of the goals of the RFC ultrasonic inspection module is to detect a 
0.020 inch diameter, mal-oriented, penny-shaped, internal void in gas 
turbine engine components. Previous reports [1,2] have shown the squirter 
technique capable of detecting these small defects. Figure 1 shows a 
photograph of the squirter and Figure 2 shows photographs of two rf 
waveforms from a small side drilled hole. The left photograph in Figure 2 
shows the reflection using an immersion system and the right photograph 
shows the signal obtained using a squirter. Note the similiar signal to 
noise ratios. Based on data such as this the decision was made to use the 
squirter in the RFC production inspection system. Using the squirter proved 
very advantageous from an overall system point of view. The total RFC 
system consists of five eddy current inspection stations and two ultrasonic 
stations and by using a squirter the mechanical manipulators are nearly 
identical for both the eddy current and ultrasonic systems (see Figure 3). 
This commonality proved very beneficial in terms of development work and 
system maintenance. Another benefit of using a squirter is that a large 
immersion tank is unnecessary, thus the maintanence tasks associated with a 
tank (periodic cleaning and rustproofing, constant refilling, etc.) are 
eliminated. A third advantage is that the water flow through the squirter 
removes air bubbles from the face of the transducer that would cause errant 
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Figure 1 - This photograph shows the squirter used in the RFC ultrasonic 
system. The entire squirter is made of acrylic and is 
approximately three inches long. 
Figure 2- Both photos show a signal from a 0.020 inch diameter, side 
drilled hole 0.75 inches below the surface of the bore of a F-100 
engine disk. The left signal is from an immersion system. The 
right signal is from the squirter system. 
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signals (or no signals) during the inspection process. The RFC systems are 
designed to be fully automated inspection systems - it would not have been 
convenient to have an operator wipe the face of the transducer before every 
inspection as is typically done in an immersion system. Finally, because 
the part fixture is up on the inspection station rather than down in a tank 
(see Figure 4), the operator has a much easier task of loading and unloading 
the engine parts. Since the weight of some of the parts of the FlOO engine 
exceed forty pounds this is not a trivial advantage. 
DISADVANTAGES 
Acknowledging that nothing in life is free, it is not surprising that 
along with the many advantages of using a squirter there also come some 
disadvantages. Much data were gathered supporting the equality of the 
squirter technique with the immersion method. These data showed the 
signal-to-noise ratios and the frequency content to be the same for both 
methods. However, all of these data were gathered under static conditions 
on a small sample of test specimens. In the production inspection process 
the engine parts are rotated resulting in linear scan speeds of one to five 
inches per second. Additionally, all engines parts are not made the same. 
And finally, in a production enviornment the alignment and stability of the 
mechanical manipulators cannot be maintained as precisely as in a laboratory 
enviornment. These conditions result in increased noise in the ultrasonic 
signal. 
Figure 4 - An F-100 engine component undergoing an inspection. The mounting 
fixture is waist high and easily accessed by sliding open the 
acrylic splash guard. 
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One type of noise resulting from the use of a squirter is random water 
noise. This occurs when the water stream splashes over an edge of the 
engine part and is the most troublesome when the squirter is near the top or 
bottom of a bore region (see Figures 5 and 6). A second type of water noise 
occurs when the inner web region fills up with water and spills down into 
the stream of water coming from the squirter. Both of these water noise 
conditions produce random spikes in the ultrasonic signal. A typical bore 
inspection requires 40,000 A-scans; thus even occasional noise spikes can 
add up to an unacceptable number over the course of an entire scan. Two 
approaches have been used to help overcome the water noise. The first 
involves positioning the squirter nozzle very close to the surface of the 
part which decreases the length of the water column and helps reduce the 
splashing. A typical standoff distance between the part surface and the 
nozzle tip that substantially reduces tqe water noise is 0.050 inches. The 
RFC mechanical manipulators have positional resolution of 0.0001 inches so a 
standoff of 0.050 inches is easily maintained. The second solution utilizes 
the temporal shifting of the reflection from a true defect signal to an 
advantage in a software averaging algorithm (3]. Through the combined use 
of both of these techniques a fairly noise-free ultrasonic signal can be 
obtained during a production type inspection. 
The other predominant type of noise is the presence of unwanted 
reflections. These reflections usually come from the ultrasound reflecting 
off the part surface and the squirter nozzle as shown in Figure 7. To help 
reduce these reflections the orifice of the nozzle was made as wide as 
possible and the length of the nozzle was shortened. These efforts 
substantially reduced the frequency of occurence and the amplitude of the 
reflections when present. The use of the time shifted averaging algorithm 
mentioned earlier (3] also helps reduce the amplitude of the reflections. 
However, in most inspections it is the presence of these reflections that 
determines the flaw detection threshold level and thus the minimum size flaw 
that can be detected using the squirter. 
Some of the tools that are used to help reduce the occurence and 
amplitude of the noise signals arising from the use of the squirter have 
been discussed. It has been found that there is one other means of reducing 
the noise. All of the engine part inspections are executed from a "scan 
plan". These scan plans control the movement of the mechanical manipulator, 
the setup of the data aquisition instruments, and the signal processing 
algorithms. The mechanical movements are derived using the engine part blue 
prints. By careful positioning of the squirter standoff the amplitude of 
the unwanted reflections can be reduced to below the desired threshold 
levels. The nozzle has been designed so that the optimum standoff is 
usually in the 0.050 inch range that is also desirable to reduce water 
noise. The exact positioning is very critical. Figure 8 shows the increase 
in the amplitude of a reflection when the squirter is mis-positioned by only 
0.030 inches. Fortunately, this level of positioning is well within the 
accuracy and repeatability ranges of the mechanical system. Unfortunately, 
the engine parts themselves sometimes vary by more than this. To compensate 
for the part variation each inspection incorporates a "dimensioning" 
algorithm that measures the variation in the engine's part dimensions. 
There is one additional disadvantage of using a squirter. The present 
inspection requirements for some of the engine parts require the inspection 
of regions with complicated geometries. In many cases the size of the 
squirter prevents the scan plan writer from positioning the squirter in the 
most efficient scanning position. Figure 9 shows a typical inspection 
situation. It would be desirable to inspect the bore of this part from the 
top and bottom sides as well as from the bore because the top and bottom 
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REFLECTIONS 
Figure 5 - Unwanted reflections occur when the ultrasound is reflected from 
the turbulent water splashing over an edge. Also notice how the 
water can pool in the groove behind the bore and then spill over 
the bore edge. 
Figure 6 - The left photo shows the signal from a side drilled hole without 
water noise. The right photo shows the side drilled hole signal 
and the water noise that occurs as the squirter is moved near the 
top of the bore. Both photos have a two-second duration exposure 
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ENGINE PART 
SQUIRTER 
TRANSDUCER 
Figure 7 - This simple drawing illustrates how the ultrasound reflects off 
the engine part and the squirter nozzle to produce unwanted 
reflections. 
Figure 8 - These two photos show a vi deo signal of the bore region with no 
defect present. In the left photo the squirter is correctly 
positi oned. In the right photo the squirter is 0.030 inches too 
far away from the bore. Note the unwanted reflection at 20 u-see 
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Figure 9 - This illustration shows the disadvantage of the squirter's size 
in trying to scan various geometries. 
corner regions produce noisy signal due to water splashing. But the 
presence of the "L-shaped" arms. prevent the scanning from the top and the 
bottom. In this case the scan plan must scan the entire region from the 
bore side. To reduce the effect of the water noise near the corner the scan 
is broken into several zones where each zone has a different scan depth. 
Although this is inefficient, it allows the complete coverage of the bore 
region in this engine part. 
SUMMARY 
The RFC ultrasonic inspection system uses a squirter technique to 
couple the ultrasound to the engine part. There are both advantages and 
disadvantages in using a squirter with most of the advantages being on an 
overall system level and the disadvantages being the increased noise level 
in the ultrasonic signal. Through the use of careful squirter design, 
signal processing algorithms in software, and careful mechanical positioning 
of the squirter the noise level can be reduced to an acceptable level - in 
this case a level low enough to allow the detection of 0.020 inch diameter, 
mal-oriented, penny shaped voids. The final result is that the squirter can 
be used in a production inspection mode at a sensitivity that is equivalent 
to the level of sensitivity of an immersion system. 
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